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In the title compound, C22H27NO3, the piperidine ring adopts 
a slightly distorted chair conformation. The dihedral angle 
between the two aromatic rings is 60.4 (1)°. In the crystal, the 
amino group forms a rather long N— H- ■ O contact to a 
methoxy O atom. There are also C— H- ■ O interactions 
present. 

Related literature 

For the biological activity of piperidine derivatives, see 
Bochringer & Soehne (1961); El-Subbagh et al. (2000) 
Ganellin & Spickett (1965); Hagenbach & Gysin (1952) 
Jerom & Spencer (1988); Katritzky & Fan (1990); Perumal et 
al. (2001); Ravindran et al. (1991); Severs et al. (1965). For 
puckering parameters, see: Cremer & Pople (1975). For 
asymmetry parameters, see: Nardelli (1983). For hydrogen- 
bond motifs, see: Bernstein et al. (1995). 




Experimental 

Crystal data 

C2 2 H 27 N0 3 
M, = 353.45 
Orthorhombic, P2 l 2 l 2 l 
a = 7.5547 (3) A 
b = 11.8792 (6) A 
c = 22.1103 (10) A 



V = 1984.26 (16) A 
Z = 4 

Mo Ka radiation 
Ijl = 0.08 mrrr 1 
T = 293 K 

0.22 x 0.20 x 0.18 mm 



Data collection 

Bruker SMART APEX CCD 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
T min = 0.983, r m „ = 0.986 

Refinement 

R[F 2 > 2a(F 2 )] = 0.044 

wR(F 2 ) = 0.121 

S = 1.03 

2801 reflections 

241 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



10956 measured reflections 
2801 independent reflections 
1835 reflections with / > 2o-(7) 
R<„, = 0.038 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.17 e A~ 3 

Ap mi „ = -0.13 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


Nl-Hl-Ol' 


0.90 (2) 


2.66 (2) 


3.538 (2) 


167 '.4 (17) 


C16— H16A- • •01 fi 


0.96 


2.57 


3.474 (4) 


156 


Symmetry codes: (i) x 


- %< -y + §• - 7 ~ 


(ii) x + l -y - 


-i-z. 





Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: SHEEXL97 and PLATON (Spek, 2009). 

KR thanks the TBI Consultancy, University of Madras, 
India, for the data collection and the management of 
Kandaswami Kandar's College, Velur, Namakkal, Tamilnadu, 
India, for the encouragement. SP thanks UGC, New Delhi, for 
financial assistance in the form of a major research project. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BT5928). 
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3-lsopropyl-2,6-bis(4-methoxyphenyl)piperidin-4-one 

K. Ravichandran, S. Sethuvasan, K. Thirunaviikarasii, S. Ponnuswamy and M. N. Ponnuswamy 
Comment 

In the family of heterocyclic compounds, piperidin-4-ones possess varied biological properties such as antiviral, 
antitumour (El-Subbagh et al, 2000), analgesic (Jerom & Spencer, 1988), local anaesthetic (Perumal et al, 2001; 
Hagenbach & Gysin, 1952), anti-inflammatory and anticancer activities (Katritzky & Fan, 1990). Several 2,6- 
disubstituted piperidines are found to be useful as tranquillisers (Bochringer & Soehne, 1961) and possess hypotensive 
activity (Severs et al, 1965), a combination of stimulant and depressant effects on the central nervous system (Ganellin & 
Spickett, 1965). Also the substitution of methoxy phenyl groups at 2,6-positions is found to be active against CNS 
subpanels. In addition, the bulkiness of the subtituent in different positons of the piperidine ring leads to the decrease in 
carcinogenecity (Ravindran et al., 1991). In view of the importance, the crystallographic study of the title compound has 
been carried out to establish the molecular structure and conformation. 

The ORTEP plot of the molecule is shown in Fig. 1. The piperidine ring adopts distorted chair conformation. The 
puckering (Cremer & Pople, 1975) and the asymmetry parameters (Nardelli, 1983) are: q 2 =0.121 (3) A, q 3 = 0.569 (3) A, 
tp 2 = 7.6 (1)° and A S (N1 & C4) =1.3 (2)°. The sum of the bond angles around the atom Nl [333.5°] is in accordance with 
sp 3 hybridization. 

The best plane of the piperidine ring is oriented with respect to the phenyl rings (C9 — C14) & (C18 — C23) at angles of 
82.8 (1)° & 86.2 (1)°, respectively. The two phenyl rings are set apart with an angle of 60.4 (1)°. The methoxy groups 
substituted at the phenyl rings are coplanar, which can be seen from the torsion angles of [C13 — C12 — 01 — C7=] 
4.4 (4)° for (C9— C14) ring and [C20— C21— 03— C8 =] 1.6 (5)° for (C18— C23) ring. 

The packing of the molecules is stabilized by a rather long N-H— O contact and by C — H— O interactions in addition to 
van der Waals forces. 



Ammonium acetate (100 mmol), anisaldehyde (200 mmol) and isobutylmethylketone (100 mmol) in ethanol (30 ml) were 
heated on a hot plate at 50-55° C and after the completion of reaction, water was added and extracted with ether, dried 
and recrystallized from ethanol. 



Due to the absence of anomalous scatterers, the absolute configuration could not be determined and Friedel pairs were 
merged. C-bound H atoms were positioned geometrically (C-H = 0.93-0.97 A) and allowed to ride on their parent atoms, 
with Ciso(H) = 1.5C/eq(C) for methyl H atoms and 1.2£/ eq (C) for all other H atoms. The H atom bonded to N was freely 
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Refinement 



refined. 
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Computing details 

Data collection: APEX2 (Broker, 2008); cell refinement: SAINT (Broker, 2008); data reduction: SAINT (Broker, 2008); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrogia, 1997); software used to prepare material for publication: 
SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009). 




Figure 1 

The molecular structure of the title compound, showing the atomic numbering and displacement ellipsoids drawn at 30% 
probability level. 




Figure 2 

The crystal packing of the molecules viewed down b axis. H atoms not involved in hydrogen bonding (dashed lines) have 
been omitted for clarity. 
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3-lsopropyl-2,6-bis(4-methoxyphenyl)piperidin-4-one 



Crystal data 

C 2 2H 27 N0 3 
M r = 353.45 
Orthorhombic, Fl{l{l\ 
Hall symbol: P 2ac 2ab 
a = 7.5547 (3) A 
6= 11.8792 (6) A 
c = 22.1103 (10) A 
F= 1984.26(16) A 3 
Z = 4 



F(000) = 760 

D x = 1.183 MgnT 3 

Mo ATec radiation, 1 = 0.71073 A 

Cell parameters from 2938 reflections 

6= 1.8-28.3° 

/i = 0.08 mm-' 

T=293 K 

Black, white crystalline 
0.22 x 0.20 x 0.18 mm 



Data collection 

Broker SMART APEX CCD detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2008) 
T mm = 0.983, = 0.986 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2<t(^ 2 )] = 0.044 

wR(F 2 ) = 0.121 

S = 1.03 

2801 reflections 

241 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



10956 measured reflections 
2801 independent reflections 
1835 reflections with / > 2a(T) 
flint = 0.038 

ftnax = 28.3°, ftnin = 1.8° 

h = -10->9 
/t= -15^8 
/ = -27^29 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = 1/[cj 2 (F 0 2 ) + (0.062 IP) 2 + 0.0599P] 

where P = (F 2 + 2F 2 )/3 
(AAxU^ 0.015 
Ap max = 0.17eA- 3 
Ap min = -0.13 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 1 , 
conventional fl-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 1 ) is used 
only for calculating fl-factors(gt) etc. and is not relevant to the choice of reflections for refinement, fl-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



17 *IU 

^iso ' ^eq 



HI 
01 
02 
03 



0.161 (4) 
0.3703 (3) 
0.6143 (3) 
-0.2117(3) 



0.568 (2) 
0.80940(17) 
0.2871 (2) 
0.5919(2) 



0.1225 (11) 
-0.10981 (8) 
0.15552 (10) 
0.37078 (10) 



0.049 (7)* 
0.0655 (6) 
0.0773 (7) 
0.0865 (8) 



Acta Cryst. (2012). E68, o2453 



sup-3 



supplementary materials 



XT 1 


A O /CO A /I \ 

0.Z6Z0 (3) 


A f AO / 1 0\ 

0.3339Z (lo) 


A 1 1 1 /CA /A\ 

0.13369 (9) 


A t\A A £L /C\ 

0.0446 (3) 


C2 


0.3:)33 (3) 


A A on 1 /o\ 
0.4o91 (Z) 


A AOAOjC /1 A\ 

0.0o036 (10) 


A A/1 O O 

0.0433 (6) 


T 11 

H2 


A 1 A 1 A 

0.2910 


A /I O 1 O 

0.4212 


0.0669 


A AC O ± 

0.052* 


C3 


A C A A A /T \ 

0.5444 (3) 


A /If f /I /1\ 

0.4554 (2) 


A AAACA /1 1 \ 

0.09959 (11) 


A A A C 1 

0.0451 (6) 


TJ T 

H3 


0.3993 


A CO /I 1 

0.3241 


A 1 1 CC 

0.1 1 j j 


A AC /I * 


C4 


a c t o t 

0.5323 (4) 


A tl/IA /T \ 

0.3749 (3) 


A 1 C O T C / 1 T \ 

0.15235 (13) 


A AC C /" / "7 \ 

0.0556 (7) 


C-> 


A A 1 1 0 

U.4115 (4) 


U.4U96 (3) 


A O AO An /1 o\ 
\J.Z\)Z4 1 (12) 


U.Uo /o (9) 


H5A 


0.4656 


0.4711 


0.2247 


A AO 1 sk 

0.081* 


TTf n 

H5b 


A in/:/; 

0.3966 


A O A "7 A 

0.3470 


A O O AO 

0.2302 


A AO 1 * 

O.Ool* 


C6 


A 11 AA /T\ 

0.2300 (3) 


A /I /I /'A /I \ 

0.4469 (2) 


A 1 1AAO / 1 1\ 

0.17908 (12) 


A ACAT //'A 

0.0507 (6) 


Ho 


a i in 
0.1 /3 / 


A 1 OO C 

U.3525 


A 1 COO 

U.1392 


A A£ 1 * 

U.Uol ' 


C7 


A T AA1 /c\ 

0.3092 (5) 


A TOH /t\ 

0.7822 (3) 


A 1 /"OAA /1 1\ 

-0.16890 (12) 


A A"70 1 /A\ 

0.0731 (9) 


T T*7 A 

H7A 


a t to c 

0.3785 


A TO 1 C 

0.7215 


A 1 O C A 

-0.1850 


A 1 1 A* 

0.110* 


H7B 


A O 1A/" 

0.3206 


A O A /"A 

0.8469 


A 1 A A /" 

-0.1946 


A 1 1 A* 

0.110* 


T n/"" 1 


A 1 OT1 

0.1872 


A TCAA 

0.7599 


-0.1670 


A 1 1 A* 

0.110* 


Co 


— U.3 /14 (o) 


A CI /II //I \ 

U.3342 (4) 


AOO/1A/1 /1 0\ 

0.3o404 (lo) 


A 1AC/1 / 1 /I \ 

0. 10j4 (14) 


T TO A 

HoA 


-0.4477 


0.5363 


A O /l AT 

0.3493 


A 1 C O * 

0.158* 


i ion 

Hob 


— U.4292 


A crnn 
U.3099 


A /I 1 T£ 

U.41 /o 


A 1 CO* 


H8G 


-0.3453 


0.4574 


0.3941 


0.158* 


cy 


V.JdZV (3) 


A ZO\ 

U.3 /33 (2) 


A AOA/IA /1 AA 

0.02940 (10) 


A i\A 1 1 /C\ 

U.U413 (3) 


LIU 


A /I ACQ 


A £Q/I 1 /OA 
U.Oo43 (Z) 


a ni 01 1 /1 o\ 
0.030^1 (12) 


U.U3U5 (0) 


H10 


A /I ") A A 

0.4390 


0.7076 


A AT/" O 

0.0768 


0.061* 


Cll 


A ^1 1 1 //I \ 

0.4112 (4) 


A 7CAA ZO\ 

0.7599 (2) 


A AAOTA /1 T\ 

-0.00879 (13) 


A AC C C 

0.0555 (7) 


T T 1 1 

Hll 


0.4486 


A OTTO 

0.8333 


-0.0019 


0.067* 


C1Z 


U.jol4 (jj 


A 7T7C /OA 
U. /2 / J (Z) 


A A££ 10 /1 1 \ 
— U.U0012 (11) 


U.U4 /U (0) 


Cl3 


A T AOA / A\ 

0.3080 (4) 


0.6181 (2) 


-0.07623 (11) 


A A C 1 O / "7 \ 

0.0518 (7) 


TT1 O 

H13 


A ot A A 

0.2749 


A C AC A 

0.5950 


A 1 1 -1 O 

— 0.114o 


A AzTO sk 

0.062* 


C14 


A TA/I 1 /T\ 

0.3041 (3) 


A C /I O O ZO\ 

0.5433 (2) 


A AO O A £ /1 1 \ 

-0.02846 (11) 


A A A AT /ZT\ 

0.0493 (6) 


TT1 A 


A O £H£ 

0.2676 


A A tl(\~l 

0.4697 


A AO C H 

-0.0357 


A A C Ask 

0.059* 


/"< 1 C 

C15 


A /" /"I C /T \ 

0.6625 (3) 


A ^ 1 /"f /-T \ 

0.4 1 65 (2) 


A A/1 /"AC /10\ 

0.04695 (12) 


A A/1 "7 A //"\ 

0.0470 (6) 


TJ 1 C 

HI J 


A jC C C jC 

0.6:) Z>6 


A tct 
0.4 / J 1 


A A1 £0 

0.0162 


A AC*C* 
U.U50* 


C16 


0.8571 (3) 


A /I AAA /T \ 

0.4099 (3) 


A A/"CAA /1 0\ 

0.06599 (13) 


A ACTO /T\ 

0.0578 (7) 


T T 1 z: A 

H16A 


A OA 1 A 

O.o910 


A A 

0.4792 


A AO C 1 

0.0851 


A AOT* 

0.0o7* 


H16B 


0.9296 


0.3976 


A A") A A 

0.0309 


A AOTik 

0.087* 


HloC 


O.o /Zo 


A O /I OO 

0.34oo 


A AAO A 

0.0939 


A AOT* 
U.U5 /* 


CI / 


A £A/1 1 //1\ 

0.604 / (4) 


A /T\ 

0.30o / (3) 


0.01612 (14) 


A ft/ni /o\ 

U.U691 (0) 


T T 1 *7 A 

H17A 


0.4828 


A O 1 CA 

0.3150 


A AA A O 

0.0043 


A 1 A /I sk 

0.104* 


I r i to 
Hi IB 


A /Z 1 O 1 
U.Ol81 


A O /I £0" 

0.24o / 


A A/1 1 £ 

U.U436 


A 1 A/1 * 

U.1U4* 


H17C 


0.6765 


0.2961 


-0.0191 


0.104* 


fin 

CIS 


A 1 1 AT 
U.11U/ (3) 


A A Q££ /O^ 

U.45DO (2) 


A OOOAA /1 1 \ 

U.229UU (11) 


A (\A OA {£\ 

U.U489 (6) 


ci9 


A A -1 C A /"5 A 

— U.U4o9 (3) 


A A 1 OA ZO\ 

U.432U (2) 


AO/IAylyl /10\ 
U.24U44 (12) 


A AC O 1 

U.U321 (0) 


H19 


-0.0796 


A O Tl /\ 

0.3720 


0.2159 


A A f T sic 

0.063* 


fin 
C2U 


A 1 C"7A i A \ 
— U.lD /9 (4) 


A A £1 A /"2\ 

U.4o34 (3) 


A OOT1 A /1 OA 

U.2s /1U (12) 


U.U3// (/) 


H20 


-0.2627 


0.4243 


0.2939 


0.069* 


C21 


-0.1124 (4) 


0.5531 (3) 


0.32367 (12) 


0.0579 (7) 


C22 


0.0451 (4) 


0.6089 (3) 


0.31305 (13) 


0.0625 (8) 


H22 


0.0774 


0.6689 


0.3377 


0.075* 


C23 


0.1547(4) 


0.5767 (2) 


0.26643 (13) 


0.0577 (7) 


H23 


0.2597 


0.6156 


0.2598 


0.069* 



Acta Cryst. (2012). E68, o2453 



sup-4 



supplementary materials 



Atomic displacement parameters (A 2 ) 
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-0.0028 (12) 


C15 


0.0413 (11) 


0.0454 (14) 


0.0543 


(14) 


0.0048(11) 


-0.0024(11) 


-0.0031 (12) 


C16 


0.0431 (13) 


0.0596 (18) 


0.0706 


(18) 


0.0027 (12) 


-0.0004 (13) 


-0.0089 (15) 


C17 


0.0547 (16) 


0.0677 (19) 


0.085 (2) 


0.0008 (15) 


-0.0062 (15) 


-0.0205 (17) 


C18 


0.0478 (13) 


0.0529 (16) 


0.0461 


(13) 


0.0025 (12) 


-0.0039 (11) 


0.0104(13) 


C19 


0.0509 (13) 


0.0556 (16) 


0.0498 


(14) 


-0.0027 (13) 


-0.0045 (12) 


0.0008 (13) 


C20 


0.0513 (13) 


0.073 (2) 


0.0485 


(14) 


-0.0068 (14) 


0.0014(12) 


0.0042 (14) 


C21 


0.0625 (15) 


0.0669 (19) 


0.0443 


(14) 


0.0046 (14) 


0.0016(13) 


0.0002 (14) 


C22 


0.0728 (18) 


0.0581 (19) 


0.0566 


(17) 


-0.0064 (15) 


-0.0047 (15) 


-0.0039 (15) 


C23 


0.0561 (15) 


0.0556 (17) 


0.0615 


(17) 


-0.0095 (14) 


-0.0029 (13) 


0.0068 (14) 



Geometric parameters (A, ") 



01— C12 


1.373 (3) 


CIO— Cll 


1.376 (4) 


01— C7 


1.423 (3) 


CIO— H10 


0.9300 


02— C4 


1.215 (3) 


Cll— C12 


1.377 (4) 


03— C21 


1.364 (3) 


Cll— Hll 


0.9300 


03— C8 


1.419(5) 


C12— C13 


1.379(4) 


Nl— C6 


1.461 (3) 


C13— C14 


1.381 (4) 


Nl— C2 


1.466 (3) 


C13— H13 


0.9300 


Nl— HI 


0.90 (3) 


C14— H14 


0.9300 


C2— C9 


1.507 (3) 


C15— C17 


1.515 (4) 


C2— C3 


1.557 (3) 


C15— C16 


1.531 (3) 


C2— H2 


0.9800 


C15— H15 


0.9800 


C3— C4 


1.512(4) 


C16— H16A 


0.9600 


C3— C15 


1.538 (3) 


C16— H16B 


0.9600 


C3— H3 


0.9800 


C16— H16C 


0.9600 


C4— C5 


1.493 (4) 


C17— H17A 


0.9600 


C5— C6 


1.533 (4) 


C17— H17B 


0.9600 


C5— H5A 


0.9700 


C17— H17C 


0.9600 


C5— H5B 


0.9700 


C18— C19 


1.380 (4) 
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C6— C18 


1.501 (4) 


CI 8— C23 


1.392 (4) 


C6— H6 


0.9800 


CI 9— C20 


1.381 (4) 


C7 — H7A 


0.9600 


C19— H19 


0.9300 


C7— H7B 


0.9600 


C20— C21 


1.382 (4) 


C7— H7C 


0.9600 


C20— H20 


0.9300 


C8— H8A 


0.9600 


C21— C22 


1.382 (4) 


C8— H8B 


0.9600 


C22— C23 


1.377 (4) 


C8— H8C 


0.9600 


C22— H22 


0.9300 


C9— C14 


1.377 (3) 


C23— H23 


0.9300 


C9— CIO 


1.393 (4) 






C12— 01— C7 


118.0(2) 


C9— CIO— H10 


119.4 


C21— 03— C8 


117.5 (3) 


CIO— Cll— C12 


120.4 (3) 


C6— Nl— C2 


111.9(2) 


CIO— Cll— Hll 


119.8 


C6— Nl— HI 


111.7(16) 


C12— Cll— Hll 


119.8 


C2— Nl— HI 


109.9 (16) 


01— C12— Cll 


115.9 (2) 


Nl— C2— C9 


110.95 (19) 


01— C12— C13 


124.6 (2) 


Nl— C2— C3 


108.06(19) 


Cll— C12— C13 


119.5 (2) 


C9— C2— C3 


112.40(18) 


C12— C13— C14 


119.3 (2) 


Nl— C2— H2 


108.4 


C12— C13— H13 


120.4 


C9— C2— H2 


108.4 


C14— C13— H13 


120.4 


C3— C2— H2 


108.4 


C9— CI 4— C13 


122.6 (2) 


C4— C3— C15 


115.4(2) 


C9— C14— H14 


118.7 


C4— C3— C2 


108.5 (2) 


C13— C14— H14 


118.7 


CI 5— C3— C2 


114.1 (2) 


C17— C15— C16 


111.0(2) 


C4— C3— H3 


106.0 


CI 7— CI 5— C3 


115.3 (2) 


CI 5— C3— H3 


106.0 


CI 6— CI 5— C3 


111.4 (2) 


C2— C3— H3 


106.0 


C17— C15— H15 


106.2 


02— C4— C5 


120.4 (3) 


C16— C15— H15 


106.2 


02— C4— C3 


123.9 (3) 


C3— CI 5— HI 5 


106.2 


C5— C4— C3 


115.8 (2) 


C15— C16— H16A 


109.5 


C4— C5— C6 


112.1 (2) 


C15— C16— H16B 


109.5 


C4— C5— H5A 


109.2 


H16A— CI 6— H16B 


109.5 


C6— C5— H5A 


109.2 


C15— C16— H16C 


109.5 


C4— C5— H5B 


109.2 


H16A— CI 6— H16C 


109.5 


C6— C5— H5B 


109.2 


H16B— CI 6— H16C 


109.5 


H5A— C5— H5B 


107.9 


C15— C17— H17A 


109.5 


Nl— C6— CI 8 


112.5 (2) 


C15— C17— H17B 


109.5 


Nl— C6— C5 


106.8 (2) 


H17A— CI 7— H17B 


109.5 


CI 8— C6— C5 


112.4 (2) 


C15— C17— H17C 


109.5 


Nl— C6— H6 


108.4 


H17A— CI 7— H17C 


109.5 


CI 8— C6— H6 


108.4 


H17B— CI 7— H17C 


109.5 


C5— C6— H6 


108.4 


CI 9— CI 8— C23 


117.3 (2) 


01— C7— H7A 


109.5 


CI 9— CI 8— C6 


120.4 (2) 


01— C7— H7B 


109.5 


C23— CI 8— C6 


122.4(2) 


H7A— C7— H7B 


109.5 


CI 8— CI 9— C20 


122.3 (3) 


01— C7— H7C 


109.5 


C18— C19— H19 


118.9 


H7A— C7— H7C 


109.5 


C20— CI 9— HI 9 


118.9 


H7B— C7— H7C 


109.5 


CI 9— C20— C21 


119.6(3) 
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P O TTO A 

03 — C8 — H8A 


109.5 




p i ft P^A ttta 

C19 — C20 — H20 


120.2 


s"\ "> /~"\ CI III) 

03 — C8 — H8B 


109.5 




PI r> 1 /~1^ft IT1A 

C2 1 — C20 — H20 


120.2 


TTO A o linn 

H8A — C8 — H8B 


109.5 




/-^ -> p^i p^^ 

03 — C2l — C22 


116.2 (3) 


p -> p o TTOr" 

03 — C8 — H8C 


1 AA C 

109.5 




PiO PI 1 p ft 

03 — C21 — C20 


124.8 (3) 


TTO A P o TTor' 

H8A — C8 — H8C 


109.5 




P^1 P1A 

C22 — C21 — C20 


lift ft p) \ 

119.0 (3) 


H8B— C8— H8C 


109.5 




C23— C22— C21 


120.8 (3) 


C14— C9— CIO 


117.0(2) 




C23— C22— H22 


119.6 


P \ A f 1 ft (~ ' ™\ 

C14 — C9 — C2 


121.6 (2) 




p--%1 P^>^> TT11 

C2 1 — C22 — H22 


119.6 


CIO — C9 — C2 


121.3 (2) 




C22 — C23 — C 1 o 


in ft /'> \ 

121.0 (3) 


p 1 1 p 1 ft P ft 

Cll — CIO — C9 


121.3 (2) 




P'-^'-n P^T TTT) 

C22 — C23 — H23 


119.5 


p i i rii a tti a 

Cll — CIO — H10 


1 1 A A 

119.4 




PIO pn TTIO 

C 1 8 — C23 — H23 


1 1 ft c 

119.5 


Co — N 1 — C2 — C9 


168.49 (19) 




p 1 ft P11 P11 pi") 

C1U — Cll — C12 — C13 


ft 1 / A \ 

-0.7 (4) 


p / tvti p ~\ p ~> 

Co — Nl — C2 — C3 


/ -7 ft 

-67.9 (2) 




p\ 1 pii p i -> pi/1 
Ol — C12 — C13 — C14 


1 1C\ o s r >\ 

-179.8 (2) 


N 1 — C2 — C3 — C4 


54.9 (3) 




Cll — Cl2 — Cl3 — Cl4 


0.5 (4) 


pr\ p^ p "> p ^ 

C9 — C2 — C3 — C4 


1 11 1 \ 

177.7 (2) 




P 1 ft Pft P 1 A P 1 ") 

C 1 0 — C9 — C 1 4 — C 1 3 


-0.1 (4) 


N 1 — C2 — C3 — C 1 5 


-174.9 (2) 




C ' "\ Pft p 1 /I PIT 

C2 — C9 — C 1 4 — C 1 3 


-177.6 (2) 


p ( \ / i p ~> pi /- 

C9 — C2 — C3 — C 1 5 


-52.1 (3) 




p 1 -» PIO p 1 /I Pft 

C12 — C13 — C14 — C9 


ft 1 / A \ 

-0.1 (4) 


C 1 5 — C3 — C4 — 02 


3.0(4) 




C4 — C3 — C 1 5 — C 1 7 


61.6 (3) 


P "> pi -) p /I /"N ^ 

C2 — C3 — C4 — 02 


1 'T C 

132.5 (3) 




P^ P ") P 1 C P 1 1 

C2 — C3 — C15 — C17 


-65.1 (3) 


pi f p -) p i PC 

C 1 5 — C3 — C4 — C5 


-177.4 (2) 




p /I p -) PIC p 1 /_ 

C4 — C3 — C 1 5 — C 1 6 


-66.0 (3) 


p ~\ PO P /I p c 

C2 — C3 — C4 — C5 


-47.9 (3) 




P^ PI P1C P1/" 

C2 — C3 — C 1 5 — C 1 6 


167.3 (2) 


02 — C4 — C5 — Co 


-131.9 (3) 




Nl — C6 — C18 — C19 


1 O ft O /"> \ 

120.8 (3) 


PO P /I PC P f 

C3 — C4 — C5 — Co 


48.5 (4) 




P C P /" P 1 O P 1 ft 

C5 — C6 — C 1 8 — C 1 9 


1 1 O T /I \ 

-118.7 (3) 


P ~) \T1 P /- P10 

C2 — N 1 — Co — CI 8 


-170.4 (2) 




XT 1 p /_ pi o PT) 

N 1 — C 6 — C 1 8 — C2 3 


-61.0 (3) 


C2 — Nl — Co — C5 


65.9 (3) 




C5 — C6 — C 1 8 — C23 


59.5 (3) 


C4 — C5 — Co — Nl 


-53.8 (3) 




/~1 ^ ^> z' ■< 1 o /~1 1 ft t~ 1^ ft 

C23 — CI 8 — C19 — C20 


-0.5 (4) 


P A P C P /" P 1 O 

C4 — C5 — Co — C 1 8 


-177.6 (3) 




P z' P 1 O P 1 ft P 1 ft 

C6 — C 1 8 — C 1 9 — C20 


i ii ft \ 

177.9 (2) 


XT 1 PO PH P 1 yl 

N 1 — C2 — C 9 — C 1 4 


—131.8 (2) 




P i o pin p o ft p^i i 

C 1 8 — C 1 9 — C2U — Cz 1 


0.7 (4) 


C3 — C2 — C9 — C14 


107.1 (3) 




C8 — 03 — C2 1 — C22 


■\ 1 CI ft /"> \ 

-178.0 (3) 


\ti p^ PA P 1 A 

N 1 — C2 — C9 — C 1 0 


50.7 (3) 




PO / "\ ") P^ 1 p- /-» ft 

C8 — 03 — C21 — C20 


1.6 (5) 


p -> p -» pa p 1 a 

C3 — C2 — C9 — CIO 


-70.4 (3) 




p 1 ft r • ~\ r\ f * "\ 1 PO 

C19 — C20 — C21 — 03 


1 1(\ 1 \ 

179.7 (3) 


C\A CQ P1A C11 


—A 9 (A\ 




C 1 Q r?n P91 P99 


—A 8 ('d'i 


C2— C9— CIO— Cll 


177.4 (2) 




03— C21— C22— C23 


-179.7(3) 


C9— CIO— Cll— C12 


0.6 (4) 




C20— C21— C22— C23 


0.7 (4) 


C7— 01— C12— Cll 


-175.9(3) 




C21— C22— C23— CI 8 


-0.5 (4) 


C7— 01— C12— C13 


4.4 (4) 




CI 9— CI 8— C23— C22 


0.4 (4) 


CIO— Cll— C12— 01 


179.6 (2) 




C6— CI 8— C23— C22 


-177.9(3) 


Hydrogen-bond geometry (A, °) 


D—n-A 




D — H 


R-A D-A 


D — R-A 


Nl— Hl-OP 




0.90 (2) 


2.66 (2) 3.538 (2) 


167.4(17) 


C16— Hl&4-01 fi 




0.96 


2.57 3.474 (4) 


156 



Symmetry codes: (i) x-l/2, -y+3/2, -z; (ii) x+1/2, -y+3/2, -z. 
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